Steady state kinetics of spleen tyrosine kinase investigated by a real time fluorescence assay.
Spleen tyrosine kinase (Syk) is a cytoplasmic tyrosine kinase that plays an important signaling role in several types of immune cells. To improve our understanding of the enzymology and activation mechanism of Syk, we characterized the steady state kinetics of Syk substrate phosphorylation. A new real time fluorescence kinase assay was employed that utilizes a nonnatural amino acid in the peptide substrate which undergoes an enhancement in fluorescence following phosphorylation. Characterizing the steady state kinetics using a Syk kinase domain construct [Syk(360-635)] revealed that Syk employs a ternary complex kinetic mechanism involving little cooperativity between substrate binding sites and a Km(ATP) of 36 +/- 5 microM and a Km(peptide substrate) of 4.4 +/- 0.9 microM. The order of substrate binding was determined to be either random or ordered with ATP binding first, as determined in substrate analogue inhibitor studies. Utilizing the real time capabilities of the fluorescence assay, we established that Syk demonstrates no lag phase in product formation. Furthermore, a Syk mutant lacking tyrosine in the activation loop (Syk Y525F,Y526F) exhibited activity identical to that of wild-type Syk. These two findings indicate that autophosphorylation of the activation loop of Syk does not regulate Syk(360-635) activity. We also compared the activity of Syk(360-635) to that of full-length Syk and revealed that Syk(360-635) is 10-fold more active, suggesting that residues outside the catalytic domain of Syk suppress kinase activity. The findings presented here provide the first kinetic description of the Syk enzyme mechanism.